In this article, we assign the newly reported state X(3842) to be a D-wave cc meson, and study its mass and decay constant with the QCD sum rules by considering the contributions of the vacuum condensates up to dimension-6 in the operator product expansion. The predicted mass M X(3842) = (3.844 +0.0675 −0.0823 ± 0.020)GeV is in agreement well with the experimental data M X(3842) = (3842.71 ± 0.16 ± 0.12)M eV from the LHCb collaboration. This result supports assigning X(3842) to be a 1 3 D3 charmonium meson. As the 1 3 D3 cc meson, its predicted strong decay width with the 3 P0
Predictions for the mass of this state lie in the range 3815 ∼ 3863M eV /c 2 [35, [38] [39] [40] [41] [42] [43] [44] .
Very recently, LHCb collaboration studied the near-threshold DD mass spectra using the LHCb In order to make a further conformation about the nature of the X(3842), we calculate the mass of this charmonium state based on QCD sum rules. QCD sum rules proved to be a most powerful theoretical tool in studying the ground state hadrons and it has been widely used to analyze the masses, decay constants, form factors and strong coupling constants, etc [46, 47] . There have been many reports about the spin-parity J P C = 0 ± , 1 ± mesons with the QCD sum rules [48, 49] , while the works on the J P C = 2 + , 3 − are few [50, 51] . The 3 P 0 decay model is an effective and simple method, which can give good description about the strong decay behaviors of many hadrons [52] [53] [54] [55] [56] . In this article, we assgin the X(3842) to be a D-wave cc meson, study its mass and decay constant with the full QCD sum rules in detail by considering the contributions of the vacuum condensates up to dimension-6 in the operator expansion and calculate the strong decay width of the X(3842) with 3 P 0 decay model. To study the mass and decay constant of X(3842), we first write down the following two-point correlation function,
where T is the time ordered product and J is the interpolating current of X(3842). The interpolating current is a composite operator with the same quantum numbers as the studied hadron. In this work, the current can be written as,
The phenomenological side
In order to obtain the phenomenological representations, we insert a complete set of intermediate hadronic states with the same quantum numbers as the current operators J µνρ (x) into the correlation Π µνραβσ (p) [46, 47] . It should be noticed that the current J µνρ (0) has negative parity, and couples potentially to the J p = 3 − , 2
where f are the decay constants, and ε are the polarization vectors of the cc mesons with the following properties [57] ,
With these above equations, the correlation function can be decomposed into the following structures,
Here, the component Π(p 2 ) denotes the contribution of the 1 3 D 3 charmonium state and it can be extracted out from the correlation function by the following projection method,
according to the properties,
After the ground-state contribution is isolated, we get the following function,
where h.r. stands for the contributions of the higher resonances and continuum states.
The OPE side
Considering all possible contractions of the quark fields with Wick's theorem, the correlation function Eq. (1) is written as
where Γ µνρ (x) and Γ αβσ (y) are the vertexes, S are the quark propagators which are replaced with the following 'full' propagators,
where
, the λ n is the Gell-Mann matrix, m, n are color indexes. In the fixed point gauge,
Thus, for the vertex Γ αβσ (y), we can get G α (y) = G β (y) = G σ (y) = 0, there are no gluon lines associated with the vertex at the point y = 0. Then we complete the integrals both in the coordinate and momentum spaces and obtain the QCD spectral density through dispersion relation,
where the contributions of the perturbative terms,
Here, the densities ρ η , ρ V denote contributions coming from currents of η µνρ and J V µνρ respectively. To obtain the physical parameters of the hadron, we need to take quark-hadron duality below the threshold s 0 and perform the Borel transform with respect to the variable
We differentiate Eq.(22) with respect to 1 T 2 , then eliminate the decay constant f X(3842) , and obtain
After the mass M X(3842) is obtained, it is treated as a input parameter to obtain the decay constant from QCD sum from Eq.(22).
The numerical results
To obtain the physical parameters according to QCD sum rule, we need to determine the values of a few input parameters, such as According to the renormalization group equation, the M S mass has the energy-dependence and is called the "running" mass [4] ,
In addition, we can also take the pole mass which relates with the M S mass through the following relation [4] ,
In our previous work, we have discussed this problem in detail, which showed that M S and pole mass lead to little difference of the results [60] . In this work, we take the pole mass m c = (1.275±0.025)GeV .
Commonly, the energy gap between the ground state and the first radial excited state is about should also find a plateau, which will ensure operator product expansion convergence and the stability of our results. The plateau is often called "Borel window".
It can be seen from Fig.1 that the smaller values of the Borel parameter lead to larger pole contributions. When the values of the Borel parameter are larger than 2.0GeV 2 , the pole contribution will be less than 40%. However, if too small values of the Borel parameters are taken(see Figs.2 and 3 ), the stability of the results and the convergence of the operator product expansion can not be satisfied. If the Borel parameters are larger than 1.6GeV 2 , the operator product expansion is well convergent.
After a compromise, we choose T 2 = 1.6 ∼ 2.0GeV 2 as our "Borel windows", which can ensure the two criteria of the QCD sum rules. The "Borel window" is showed in Figs 
The predicted constant f X(3842) can be used to study the hadronic coupling constants involving the X(3842) with the three-point QCD sum rules or the light-core QCD sum rules. 
Decay properties of X(3842)
The strong decay of X(3842) will be computed using the 3 P 0 model which was first introduced by Micu in 1969 [61] and further developed by other collaborations [62, 63] . For now, it has been extensively applied to evaluate the strong decays of the heavy mesons in the charmonium [64] [65] [66] [67] and bottommonium systems [68] [69] [70] , the baryons [71] and even the teraquark states [72] .
In the frame work of 3 P 0 model, a quark-antiquark pair qq(q = u, d, s) is created from the vacuum with 0 ++ quantum number. With c, c quarks within the initial meson X(3842), this quark system regroups into two outgoing mesons via quark rearrangement for the meson decay process
Its transition operator in the nonrelativistic limit reads
where p 3 and p 4 are the momenta of this quark-antiquark pair.γ is a dimensionless parameter reflecting its creation strength. In the calculations, we commonly employ simple harmonic oscillator (SHO) approximation as the meson space wave function
Thus, the decay width based on 3 P 0 model depends on the following input parameters: quark pair creation strength γ and the SHO wave function scale parameter R. We take the value of γ = 6.3 [52] which is higher than that used by Kokoski and Isgur [73] by a factor of √ 96π due to different field theory conventions, constant factors in T etc. As for the scale parameter R, there are mainly two kinds of choices which are the common value and the effective value. The effective value can be fixed to reproduce the realistic root mean square radius by solving the Schrodinger equation with a linear potential [74, 75] . For the mesons D and D 0 , their values are taken to be
For a cc system, the R value of 1D state is estimated to be 2.3 ∼ 2.5GeV −1 [76] .
Taken to be a 1 3 D 3 cc meson, X(3842) has only two strong decay channels X(3842 Fig.7 , we can clearly see the decay width of X(3842) with variations of the parameter R. Taking R = 2.3 ∼ 2.5GeV −1 discussed above, the total width of 1 3 D 3 state ranges from 5.6M eV to 6.9M eV (see Fig.7 ). In our previous work, we have discussed the uncertainties of the results which are predicted by 3 P 0 decay model. Once the optimal values of the γ and R are determined, the best predictions based on the 3 P 0 decay model are expected to be within a factor of 2 [52, 77] .
More detailed analysis about the uncertainties of the results in the 3 P 0 decay model can be found in
Ref. [77] . Considering the uncertainties of the decay model, the calculated width is roughly compatible with the experimental data Γ X(3842) = (2.79 ± 0.51 ± 0.35)M eV . That is to say, it is reasonable to assign the X(3842) to be the 1 3 D 3 charmonium state. Finally, we also obtain the decay ratio = 0.85 ∼ 0.9 for this charmonium state. This ratio can be used to make a further confirmation about this state in the future by LHCb collaboration.
Conclusion
In this article, we assign the X(3842) to be a D-wave cc meson, and study its mass and decay constant with the QCD sum rules. In our calculations, we consider the contributions of the vacuum condensates up to dimension-6 in the operator product expansion. The predicted mass M X(3842) = 
